A variety of surgical techniques have been employed for shoulder problems, i.e., arthroplasty, arthroscopy, and fracture fixation, etc. A thorough understanding and knowledge of the normal anatomy, physiology, biomechanics, and pathomechanics of the glenohumeral joint can help facilitate a successful pre-operative evaluation of the shoulder. The authors reviewed practical measurement methods of a shoulder computed tomography (CT) with three-dimensional volume-rendered images, from the orthopedic surgeon's viewpoint, to aid radiologists make structured reports. It is important that the radiologist be familiar with the normal and abnormal imaging appearances of the shoulder CT before and after the surgical procedures.
INTRODUCTION
Shoulder computed tomography (CT) scans are commonly encountered by radiologists in routine preoperative and emergency settings. As the demand of CT analysis of shoulder joint increases, understanding of the shoulder CT morphometry is imperative for high quality patient care. Whether the treatment involves surgical procedure or not, the assessment of a shoulder CT plays an essential role in the treatment planning as well as triage.
In the clinical cases requiring surgical intervention, the orthopedic surgeons depend on the radiologic reports to determine the method and extent of operation, and to predict the prognosis of the surgery. Therefore, it is critical for radiologists to be familiar with surgeons needs and provide accurate image inter-pretation to ensure proper management of the patients.
In the first part of this article, we reviewed the osseous anatomy of the shoulder to help understand the shoulder joint morphometry. Then, we described the glenoid morphology and version, humeral head retroversion for shoulder arthroplasty.
In addition, glenohumeral instability and humeral translation distance will be discussed for preoperative arthroscopic evaluation. Fractures of the shoulder region and clinically relevant measurement criteria that may affect the outcomes of operation were also reviewed.
NORmal aNaTOmy Of The shOUlDeR
The proximal humerus, scapula, and clavicle compose the jksronline.org J Korean soc Radiol 2018;78(4):265-278 bony part of the shoulder. The proximal humerus is comprised of four parts: the greater tuberosity, lesser tuberosity, humeral head, and surgical neck (Fig. 1) . The greater tuberosity is locat-ed lateral to the head of the humerus, which is the insertion site of the supraspinatus, infraspinatus, and teres minor tendons.
The lesser tuberosity is a smaller, anteromedially located tuber- The articular surface is normally angled between 30° to 55° relative to the axis of the humeral shaft (1) .
The anatomical neck of the humerus is the attachment site for the capsular ligaments of the joint except the upper inferior-medial area (2) . Fracture of the anatomical neck of the humerus is associated with an increased risk of avascular necrosis. The surgical neck of the humerus lies below the greater and lesser tuberosities. This is the most common fracture site as well as developmentally a primary physis of the proximal humerus (3).
The glenoid fossa of scapula is a pear-shaped articular surface of the lateral scapula, which articulates with the head of the humerus ( Fig. 2 ). It is normally tilted posteriorly, upward facing with respect to the plane of scapula, although it is variable among individuals. The superior and inferior glenoid tubercles are two small bony eminences in the glenoid cavity, where the long heads of the biceps and triceps brachii muscles attach.
The clavicle is an S-shaped bone, which forms the sternoclavicular joint by articulating with the manubrium of the sternum.
The clavicle also articulates with the scapula forming the acro- 
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Glenoid Version
The preoperative evaluation of the glenoid version is essential for proper anatomical reconstruction in shoulder arthroplasty (5) (6) (7) , because the proper positioning of the implant to maintain balance in the shoulder joint, is imperative for postoperative clinical success and long term stability (8, 9) . Glenoid version as defined by Friedman et al. (7) is the angle between glenoid articular surface relative to the scapula axis ( Fig. 4A ). The surgical strategies can be modified based on the degree of the glenoid retroversion, which is known to be associated with poor surgical outcome. In the case of retroversion, anterior glenoid reaming or bone grafting is required to restore normal joint biomechanics (6, 11) . 
Glenoid Morphology
The bony erosion tends to occur at the posterior aspect of the bony glenoid as the degree of primary glenohumeral osteoarthritis increases, which might lead to glenoid retroversion and humeral subluxation (12) . The 3 classifications defined by Walch (12) , are based on the CT evaluation ( 
Humeral Head Retroversion
Humeral head retroversion is one of the fundamental stabi- 
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Glenohumeral Instability: Bony Bankart and
Hill-Sachs Lesions
Several risk factors have been found to predict the recurrence margin of the bone loss and the radius of the best fit circle are compared ( Fig. 8 ). This measurement uses radius to estimate the area lost on axial CT images. However, it is important to note that the correlation between area and radius does not follow a linear 1:1 ratio. For instance, when the percentage of radius lost is 20%, the area of bone lost is only 5%. When 60% of radius is lost, 25% of the bone area is lost. Any size of the bony Bankart lesion is associated with instability which positively correlates with the size of the defect (28) . The Nofsinger approach could be used as a default method, but there are different preferences for measuring glenoid bone loss.
The Hill-Sachs lesion is an impression fracture of the humer-al head due to impaction of the posterolateral aspect of the anteriorly dislocated humeral head with the anterior rim of the glenoid. The lesion can be evaluated within 14-15 mm from the top of humeral head, which should normally be circular.
Because the 'normal groove' of the humeral head is also located at posterolateral humeral head, it may lead to overestimation of the extent of the Hill-Sachs lesion. However, the 'normal groove' is usually located more inferiorly, 20-39 mm from the top of the humeral head, which helps differentiate between the two lesions (35, 36) . The Hill-Sachs lesion is measured as the largest humeral head defect on the axial image. The width of the Hill-Sachs lesion is defined as the distance between the anterior and posterior defects. The depth of this lesion is measured from the deepest defect to the circle of humeral head (35, 37) ( Fig. 9) . A number of studies have demonstrated that the size of the Hill-Sachs lesion correlates with engagement into the glenoid, predisposing to glenohumeral instability (38) . Small defects affecting humeral head affecting less than 20% of the humeral head circumference are usually clinically insignificant, whereas large defects affecting more than 40% are clinically significant (39, 40) . Therefore, the threshold for treatment has been estimated at between 20% to 40% of humeral head involvement.
Measurement of the Humeral Translation Distance
The humeral head is anatomically located in the center of the glenoid by the balance of various shoulder structures including the labrum, joint capsule, and rotator cuff muscles. In patients with clinical shoulder instability, the humeral translation distance is increased with more extensive tears of the posterior labrum (41) (42) (43) . The scapula line is drawn tangential to anterior surface of the scapula bisecting the line connecting the anterior and posterior osseous glenoid (Fig. 10) . Thus, the humeral translation distance is defined as the distance between the scapula line and the center of the humeral head (41) (42) (43) .
measURemeNTs IN TRaUmaTIC seTTINGs
Review of Neer Classification and CT Imaging
The proximal humeral head fractures are one of the most common skeletal fractures accounting for 5% of all extremity fractures (44) . Fractures of the proximal humerus are classified (Fig. 11 ). Either the greater tuberosity or lesser tuberosity with humeral shaft could be displaced from the articular surface in three-part fractures (Fig. 12 ). Four-part fractures have four separate parts without glenoid articulation or soft tissue contact.
One-part fractures account for 85% of proximal humeral fractures generally treated conservatively (45) . The management of fractures involving more than two parts is controversial, but new techniques have increased the overall range of fractures that benefit from operations (46) . However, the poor intra-observer reproducibility and inter-observer reliability results from recent (49, 50) .
The factors reported to be associated with increased risk of complicated proximal humeral fracture, and humeral head ischemia are the number of tuberosity displacements, glenohumeral joint dislocation, three or more fragments, and angular displacement of the head (51) . Fractures extending to the articular surface are difficult to fix and the result worsens as the patient ages (52) . Additionally, in the case of joint dislocation with fracture, there is an increased risk for joint instability and neu-rovascular injury (46) . Therefore, it is important for the radiologists to include not only the measurement of angulation and displacement, but also the presence of articular split or glenohumeral joint dislocation.
AC Joint Dislocation
AC joint dislocations encompass up to 9% of all AC injuries (53) . Radiologic classification of AC joint dislocations were made by Williams et al. (54) in 1989, which classified six different grades of AC joint dislocations. Type I injury is defined as a minor sprain of the AC ligaments (54) . Type II injury represents a complete rupture of the AC ligament with a CC ligament sprain. Type III injury results from the rupture of both AC and CC ligaments ( Fig. 13 ). Type IV, V, and VI injuries have ligamentous ruptures in common with that of Type III, but may in- 
